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(54) Optical fibre filter having tapered sections 

(57) A filter with a tailored output characteristic for example useable as a comb filter is fabricated by 
producing two or more biconical tapered portions in a coaxial optical fibre 10. The manufacture is 
controlled so that the resulting filters have specified pass-band characteristics. The fibre may comprise a 
central rod waveguide, an intermediate cladding, a tubular waveguide and an outer coating layer. 
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SPECIFICATION 
Concatenated coupler 

5 The present invention concerns coaxial waveguide optical fibres. 5 
It has been discovered that a coaxial coupler can be produced from optical fibres of the type 
having a rod waveguide surrounded by a tubular waveguide by elongating a portion of the 
optical fibre to reduce the transverse dimensions of the portion. This is done by mounting the 
fibre in a driven clamping arrangement, launching light of a predetermined wavelength at one end 
10 of the fibre and detecting the intensity of the transmitted light at the other end whilst the 10 
clamped portion of the fibre is simultaneously elongated and heated. 

The intensity of the detected radiation varies cyclically as the fibre is elongated and the 
procedure is stopped after a number of oscillations selected to provide the appropriate transmis- 
sion characteristics. 

15 The result of this procedure, which is described in the specification of our Patent Application 15 
No. 8519086, is that it is possible, starting from an optical fibre of approximately the correct 
refractive index profile and dimensions to produce a coupler which is operable at a required 
wavelength. 

The present invention has for an object to utilise this technique to manufacture filters with 
20 output responses which are tailored to specific requirements such as comb filters. 20 
Accordingly from one aspect the present invention consists in a filter comprising a coaxial 
optical fibre having at least two discrete tapered sections, caused by elongation of the fibre at 
two separate portions, the two sections having been produced in such a manner that the fibre 
has specified pass-band characteristics. 
25 From another aspect the invention consists in a process of producing a filter from a coaxial 25 
optical fibre including the steps of elongating at least two portions of the fibre to provide two 
tapered sections. 

In order that the present Invention may be more readily understood, an embodiment thereof 
will now be described by way of example and with reference to the accompanying drawings, in 
30 which 30 

Figure 1 shows various refractive index profiles taken across the diameter of optical fibres 
suitable for use in the present invention. 

Figure 2 shows a diagrammatic representation of a rig for tapering optical fibres, 

Figure 3 shows a plot of the transmitted power against the extension of the fibre, 
35 Figure 4 is a diagram representing a section through a tapered portion of the waveguide for 35 
explaining the operation of the coupler. 

Figure 5 is a graph showing transmitted bandwidth against elongation for a single taper. 

Figure 6 is a graph of the pass-band of a fibre which has been subjected to considerable 
elongation, and 

40 Figure 7 is a graph showing the pass-band of a fibre tapered in accordance with the invention. 40 
Referring to the drawings. Fig. 1 shows an optical fibre which defines two waveguides, a 
central rod waveguide which is defined by the core 2 of the fibre; and a coaxial tubular 
waveguide 4. As illustrated in plot A of Fig. 1, the refractive indices n,, n',, of the rod and 
tubular waveguides are elevated relative to the refractive indices na, ng of the intermediate 

45 cladding layer 6 and the outer coating layer 8. The dimensions and refractive indices n, of the 45 
rod waveguide and the tubular waveguide are selected such that each will support at least one 
transmission mode at the design wavelength which may be, say, 1.33 or 1.55 micrometres. 
Plots B and C in Fig. 1 show other typical refractive index profiles for optical fibre coaxial 
couplers. 

50 Light energy at the design wavelength will only be coupled from the rod waveguide to the 50 
tubular waveguide if there is precise phase-matching at this wavelength between the modes 
propagated in the two waveguides. Phase-matching depends critically on the refractive indexes 
and dimensions of the fibre profile. In most cases a fibre produced to have the required profile 
will not, in fact, be precisely phase-matched at the design wavelength. In order to produce the 

55 required phase-matching at the desired wavelength the fibre 10 is placed in the apparatus 55 
illustrated in Fig. 2 to taper it over a portion of its length to produce three regions of the fibre 
of opposite phase and mismatch at the design >A/avelength, so that light energy launched into 
one of the waveguides is substantially completely coupled to the other waveguide. 

The apparatus of Fig. 2 comprises a laser light source 15 producing radiation at the design 

60 wavelength. This radiation is passed through a lens 14 to focus it onto the cleaved face of the 60 
core 2 of the fibre 10 so that light is propagated along the core of the fibre. Normally the fibre 
will be surrounded by an acrylate jacket which will strip any modes which start to propagate in 
the tubular waveguide. If such a jacket is not provided the fibre may pass through a bath of 
index matching fluid which will prevent light propagation along the tubular waveguide. 

65 The fibre 10 is clamped at two spaced points along its length by clamps 16 and 18. Each 65 
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Then a spike wavelength response is obtained within a wavelength range 2X. To obtain this 
result there should be successive tapered coaxial couplers each having bandwidth 

5 1 5 

n' 

(N=1 for the first, N=2 for the second coupler, etc.) 
10 The tapering of the fibres is made in a manner identical to that previously described. The fibre 10 
is fixed onto a motorised jig, then tapered whilst an oxy-butane flame, for example, is applied. 
The output power is plotted on a chart recorder. The first tapering is stopped after two 
oscillations and the second taper is made a few centimeters from the first one in the same 
manner. The second tapering is stopped when eight oscillations have occurred in the output 
15 power I.e. the bandwidth of the second taper is half that of the first. 15 
Fig. 7 shows the wavelength response when two typical tapers have been made in the 
manner described above in a single fibre. Naturally differing degrees of tapering can be used, 
and more than two sets of taper can be imparted to a single fibre. 
The wavelength response of the double taper just described is shown in Fig. 7. Clearly, a 
20 spike is present at A=1430 nm and there are small suppressed sidelobes above and below this . 20 
peak. This is not periodic as one would expect if the couplers were of identical fibres. 

Further, the passband is narrower than the passband of the individual tapers there the pass- 
band Is 70 nm as opposed to a passband of 100 nm for the second individual coaxial taper (as 
can be derived from the graph of Fig. 5). 
25 For a maximum througput at the fabrication wavelength, it should be ensured that the tapering 25 
is stopped to a maximum power for both tapers. 
Finally, the summary of the advantages of such a device is as follows: 

1. A narrow spike or comb filter like wavelength response can be obtained which is narrower 
than the individual taper response. 
30 2. The filter is of low loss, all fibre. 30 
3. Simple fabrication on a standard coupler fabrication jib. 

Filters of the type produced in accordance with the invention can be used in a number of 
different applications. For example, in a wavelength drop-off filter in a wavelength division, 
multiplexed communication link or to separate a single line from a multilongitudinal mode laser. 
35 35 
CLAIMS 

1. A filter comprising a coaxial optical fibre having at least two discrete tapered sections 
caused by elongation of the fibre at two separate portions, the sections having been produced 
in such a manner that the fibre has specified pass-band characteristics. 
40 2. A filter as claimed in Claim 1, wherein each tapered section is fabricated by heating the 40 
section whilst elongating the fibre, launching lifght down one end of the fibre, monitoring the 
light transmitted through the fibre and stopping the elongation after a selected number of power 
cycles of the monitored light. 

3. A filter as claimed in Claim 2, wherein the fibre comprises a central rod waveguide, an 

45 intermediate cladding, a tubular waveguide and an outer coating layer. 45 

4. A filter as claimed in Claim 3, wherein the refractive indices of the rod and tubular 
waveguides are higher than that of the intermediate cladding and the outer coating layer. 

5. A filter as claimed in any one of Claims 2, 3 or 4, wherein each tapered section has a 
bandwidth determined during its manufacture by the number of power oscillations monitored 

50 during the fabrication of the taper, successive tapered sections having reduced bandwidths. 50 

6. A filter as claimed in Claim 5, wherein there are more than two tapered sections. 
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